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®Proca«fortha«rt«,n^rton<rfoIafl„lcallyu„«tu™tedcompoundawlth.^^^^^^ 
g) The invention relates to a procese fbr the carbonylation 
of otefinically unsaturated compounds with carbon monox- 
ide m the presence of water, an alcohol and/or a carboxylic 
acid The wrbonylatlon is carried out with a palladium 
caialw with at least 5 mol of a phosphine, having^ree aZ 
l^T-i ^'JS^*^ palladium, and with an acid with a 

PK. < 2 (at 18^: in aqueous solution), except hydrohaloaenic 

and carboxylic acids, as promoter. In the process very hloh 
reaction rates are obtained. ' 
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PROCESS FOR THE CARBONYIATION OF OLEFINICALLy 
UNSfiTURATH) OCMPOONDS WTIH A 
PALUVDIUM CAXALYST 

The invention relates to a process for the carbonylation of 
olefinically unsaturated ootpounds. 

It is knovn that olefins may be carbonylated in the presence 
of water, alcohols or caiixKylic acids to yield carbcocylic 
acids, esters or carboxylic acid anhydrides, respectively. 
However, the known processes have various drav^acks whidi render 
them rather lanattractive for use on a technical scale. 

US patent specification 3,168,553 discloses a process in 
which olefins are carbonylated. in the presence of a ccnplex 
ccnprising a trialkylftosphine together with cobalt^ ruthenium, 
rhodium or iridium. However, this process requires the use of ' 
hi^ pressures, and its selectivity towards the desired product 
is often unsatisfactory. For instance, the carbonylation of 
ethylene in the presence of ethanol and C02(C0)g as the 
catalyst leads to the formation not only of ethyl propionate, 
but also of large quantities of by-products, such as diethyl' 
ketone and acetaldehyde. 

As appears from US patent specification 3,917,677, rela- 
tively high yields of ester can be detained by using halogen- 
free rhodium catalysts in the carbonylation of olefins in the 
presence of alcohols and tertiary organcphosphorus oatpounds. 
However, rhodium catalysts are costly, and cannot siitply be 
replaced by cheaper palladium catalysts in the process accoRiing 
to US patent specification 3,917,677. Exanple 5 of this patent 
25 specification shews that no nethyl propionate is fonred when in 
the carbonylation of ethylene in the presence of irethanol, 
sodium acetate and tributylphosphine at a temperatlire of 175 °C 

and a pressure of 50 bar the palladium catalyst Pd UCM ) P] CI 

^ 6 5 3-^2 2 
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or (CHjOOO) 2PCI is used instead of a rhodium catalyst. 

A process for the preparation of caxbajQ^lic acids or esters 
by reacting an olef inically unsaturated coipound with carbon 
monoxide in the presence of water or an alcohol, respectively, 
and a palladium catalyst has been disclosed in US patent speci- 
fication 3,437,676. The catalyst has the fonnula L PdX , 

. m n 

vftierexn L nay be, inter alia, an organic phosphine, vdierein X 

represents a chloride, bronide, sulphate, phosphate, acetate, 
propionate, nitrate or borate radical, and m is 1-4 and n is 1 
or 2. TSie reaction is preferably carried out in the presence of 
an acid, such as suljAiuric acid, phosphoric acid, boric acid or 
a carboxylic acid. Preference is given to the use of hydro- 
chloric acid, because lower reaction tenperatures my then be 
used. Hcwever, the pressures applied are very hi^y in all the 
exanples concerning Hie cariDonylation of ett^lene or prcpylene 
the pressure is 709 bar. Moreover, reaction rates are low in 
spite of the presence of an acid. Lines 1 and 2 of colum 14 
show that for the carfxaiylation of ethylene in the presence of 
ethanol the reaction time usually amounts to 10-24 hours. 

In Exanple 8 of DAS 2,263,442 ethylene is carbotiylated at a 
presure of about 50 bar in the presence of propicnic acid, 
PdCl^liC^E^) ^V^^ and pentafluorothicEiienol as the 
promoter. It is true that this process yields propionic 
anhydride, but it does so at a rate of less than 10 g anhydride 
per g Pd per hour, in this specification, too, there is a marked 
preference for the use of the cosUy iridixim or rhodium catalysts. 

Fran German Offenlegangsschrift 2,410,246 a process is 
known far t±ie preparation of carbcDQ^lic acids, esters or 
carboxyUc acid anhydrides by carbom'latian of olef inically un- 
saturated ccnpounds in the presence of a hydroxy ccnpound, a 
zero valent triorgancftiosphine palladium or platinum corplex and 
at least 10 mol, preferably 20-110 mol, of a triorgancphosphine 
per mol palladium or platinum ccnplex. In this process, at the 
reacticai temperatures used in the exanples concerning the 
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conversion of ethylene or propylene, the total pressure anounts 
to more than 100 bar and long reaction times, of over 10 hours, 
are usually required. 

European patent application 55875 discloses a process in 
which olefins are caitetylated in the presence of a halide-free 
palladium catalyst and water, an alcohol and/or a carboxylic 
acid, preferably at a pressure of 30-61 bar gauge. Hiis process 
is carried out in the presence of less than 10 nol of a tri- 
organophosphijie having at least one aliphatic caiban atan bonded 
to the phosphorus aton per mol of palladium. Although it is 
stated that by the addition of water and/or a caiixaylic acid 
the reaction rate can be increased, it remains rather low. In 
all the examples the reaction tiire used is 15 hours; the hi^st 
reaction rates acihieved in Exanples 6 and 7 in the presence of 
acetic acid or water are 11 and 12 g ester per g Pd per Jraur, 
respectively. 

A process for the ca3±onylatian of propylene in the 
presence of water or an alkanol and a palladium catalyst, 4-122 
nol of an ortho-substituted triarylphosphine and, optionally, a 
pratoter has been disclosed in European patent application 
43382. Hydrohalogenic acids, particularly HCl, are the preferred 
prcnoters, althou^ some experiments are also described using 
trifluoroaoetic acid and phosphoric acid as prototers. The 
lowest pressure used in the exanples is about 100 bar and the 
shortest reaction time 2 hours. Yields are not mentioned. 

It has now surprisingly been found that in the carbonylatian 
of olef inically unsaturated oonpounds the reaction rate can be 
very much enhanced by carrying out the reaction in the presence 
of an acid defined nore closely hereinafter and at least 5 mol of 
a triarylphosphine per gram atan palladium. 

The invention therefore relates to a process for the 
carfaonylation of an olefinically unsaturated conpound with 
cariDon monoxide in the presence of water, an alcohol and/or a 
carboxylic acid, a palladium catalyst, at least 5 nol of a 
lAiosphine PR rV in which R^ r2 and each represent an 
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qptionally substituted aryl grcjup, per gram atom of palladium, 
and an acid as a proioterr characterized in that an acid with a 
pK^ < 2 (at 18^C in aqueous solution) , exc^ hydrtMogenic 
arid carboxylic acids, is used. 

The acids used as prcraoters in the process according to the 
invention preferably have a non-co-ordinating anion, by viiich is 
meant that little or no co-valent interaction takes place 
between the palladium and the anion. Typicsil escanples of such 
anions are PFg", SM'g", BP^** and ClO^", 

Acids preferably used are, for instance, sulphonic acids 

and those acids that can be formed, possibly in sita, by 

interaction of a Lewis acid such as, for exanple, BPy AsPg, 

SbPg, PFg, TaFg or NbF^ with a Broensted acid such as, 

for example, a hydrdhalogenic acid, in particular HF, fluoro- 

sulphonic, phosphoric acid or sulphuric acid. Specific exanples 

of the last-named type of acids are fluorosilicic acid, HBF.. 

4 

HEFg and HSbFg. Typical sulphonic acids that can be used are 
fluorosulphonic acid, chlorosulphonic acid and the sulphonic 
acids specified hereinafter. 

A preferred groro of acids has the general f onmila 




I 



v*ierein X represents sulphvu: or dilorine and, if X is chlorine, 
R represents oxygen and if X is sulphur, r^resents an 
OH graag or an qptionally substituted hydrocarbon grotp. 

TOien the afore-mentioned acids are used in the process 
according to the invention, the anions of the acids can be 
regarded as non-co-ordinating. 

The carbonylation of the olef inically unsaturated corpounds 
should be carried out in the presence both of an acid as herein- 
before defined and of at least 5 itol of the phosphine nentioned. 
Further it is inportant that the catalyst be a palladium catalyst. 
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It was found, for instance in the carbonylation of ethylene with 
carbon nonoxide in the presence of methanol, palladium acetate 
and triphenylphosfiiine, that not unless a large excess of the 
phoqphine {at least 5 mol per gram atan of palladium) is present 
as well, does the addition of for instance p-toluenesulphonic 
acid bring about a considerable increase in the reaction rate. 
It was further found that it is essential that the phosphine 
catprise three aryl groups bonded to the lAiosphorus atcm. When 
using a excess of, for instance, tributylphosphine, ethyldi- 
phenylphosphine or pheivldietylphosF*iine, the addition of the 
acid produces practically no enhancenent of the reaction rate. 
And also the addition of, for instance, p-toluene-sulphonic acid 
to a rhodiiam catalyst instead of a palladium catalyst, even in 
the presence of more than 5 mol triarylphosphine per gram aton 
Rh, will not produce the desired great enhancement of the 
carbonylation rate. Nor is this result achieved ^Aien, in the 
presence of excess triarylphosphine, one of the acids used in 
European patent application 43382, notably aceUc acid, tri- 
fluoroacetic acid, hydrochloric acid or phosphoric acid, is 
add e d to a palladium catalyst. 

•By using the process according to the invention very hi^ 
reaction rates - of the order of 6000 g product per g palladium 
per hour - can be achieved in spite of the moderate reaction 
canditions used. - Since these reaction rates are much higher than 
hitherto attained by known methods, the present invention is of 
great iinportance. 

In the acids having the general formula I, the optionally 
substituted hydrocarixjn group, represented by is preferably 
an aUcyl, aryl, araUcyl or alkaryl group with 1-30, in particular 
1-14, carbon atans. The hydrocarbon group may be substituted 
with for instance halogen atoms, in particular fluorine atcnis. 
Exairples of suitable acids of the general formula I are perchloric 
acid, sulphuric acid, 2-hydroxyprqpane-2-sulphonic acid, p-toluene- 
sulphonic acid and trif luoranethane sulphonic acid with the 
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latter two acids being preferred. The acid of the general 

f ontiala I may also be an ion exdiange material vdiich cotprises 

sulphonic acid groups such as Anberlite 252 H. In this case the 

hydrocarbon groiq) R is a polymeric hydroccu±on groi^j st±>stituted 

with sulphonic acid groups, for instance a polystyrene group. 

The quantity of the acid with a pK < 2 present in the 

a 

reaction mixture is preferably 0.01-150, rtore particularly 
0.1-100, and most preferably 1-50 equivalents per gram atari of 
palladixjm. The acid can optionally be formed in situ^ for 
exanple by hydrolysis of an ester, such as for instance an alkyl 
ester of a sulphonic acid^ or by reacting a ketone with 
and water. 

The olef inically unsaturated cotpound may be an un- 
siibstituted or a substituted alkene or cycloalkene preferably 
havijig 2-30, and in particular 2-20, carbon atoms and preferably 
1-3 -double bonds. The alkene or cycloalkene may be substituted, 
for instance, witli one or more halogen atons or cyano, ester, 
alkcKy, hydroxy, carixaqr or aryl groi?JS. If the substituents are 
not inert under the reaction conditions, the carboxylation 
reacticxi may be accoipanied with other reactions. For instance, 
the carbonylation of allyl alcdiol is accoipanied with 
esterification of the hydroxy group. Exarrples of suitable 
olefinic conpounds are ethene, prqpene, butene-1, butene-2, 
isctoutene, the isoneric pentenes^ hexenes, octanes and 
dodecenes, cyclooctadiene-(l,5) , cyclododecene, cyclo- 
dodecatriene-(l,5,9) , allyl alcciiol, methyl acrylate, ethyl 
acrylate^ msthyl methacrylate, aery lorJ.tr ile, acrylamide, 
N,N-dijTethyl acrylamide, viiryl chloride, allyl chloride, 
acrolein, oleic acid, methyl allyl ether and styrene. 

The alcohols or carboxylic acids used in the process 
according to the invention may be aliphatic, cycloal iphatic or 
aromatic and may be substituted with one or more substituents, 
such as mentioned hereinbefore in connection with the 
olef inically unsaturated ccnpounds to be used as starting 
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material. The alcohol may therefore also be a phenol. The 
alcohols or carboxylic acids preferably contain not nore than 20 
caiixan atoms. Exanples of suitably alcohols or carboxylic acids 
are methanol, ethanol, propanol, iscbutanol, tert.butanol, 
stearyl alcohol, benzyl alcohol, cyclohexanol , allyl alcohol, 
chlorocapryl alcohol, ethylene glycol, prppanectLol-(l,2) , 
butanediol-(l,4), glycerol, polyethylene glycol, hexane- 
<aiol-(l,6), phenol, cresol, acetic acid, propionic acid, butyric 
acid, caproic acid, trimethylacetic acid, benzoic acid, c^rylic 
acid, succinic acid, adipic acid and hydroxyc^jroic acid. 
Special preference is given to alkanols and caibcocylic acids 
havdng 1-10 carbon atons. If the alcohol or the carboxylic acid 
has more than one hydroxy group or carboxy groi^), different 
products may be formed, depending on the nolar ratios existing 
betwen the reagents. For instance, depending on the quantity 
of olefinically unsaturated catpound used, either a imno-ester 
or a difister may be produced from glycerol. 

The products formed an the process according to the 
invention itey be further reacted if desired. For instance, the 
carbonylatian of an olefin, when conducted in the presence of 
water, yields a carboxylic acid which, by reaction with a 
further quantity of olefin, may form a carboxylic acid anhydride. 
When the carbonylation is carried out in the presence of an 
alcohol, it yields an ester which, when water is present as 
well, nay hydrolyze to form an acid and an alcohol, each of which 
my agaiji react with an olefin. When the carbonylation is 
carried out in the presence of a carboxylic acid, it yields an 
acid anhydride v^ch, when water is present as well, may hydrolyze 
to form one or more carbaxj'lic acids v^ch in their turn may 
react with a further quantil^' of olefin. 

Reaction of an alkanecarboxylic acid having n + 1 carbon 
atoms with an olefin having n carbon atoms yields the syntnetrical 
anhydride of the alkanecarfacxi'lic acid having n + 1 cari)on 
atons. This anhydride may optionally be hydrolyzed, half of the 
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carboBcylic acid formed may be collected as a product and the 
other half recycled to the carbonylation reactor. The process 
thus leads to the conversion of an olefin having n carbon atons 
into a cariMKylic acid having n + 1 carbon atons. 

Both honogeneous and heterogeneous palladium catalysts may 
be used in the process according to the invention. However, 
honogeneous catalysts are preferred. Suitable honogeneous 
catalysts are the salts of palladium with, for instance, nitric 
acid, sulphuric acid or alkanecarixaxylic acids having not nore 
than 12 carbon atons. Salts of hydrdhalogenic acids nay, in 
principle, be used as well, but they have the drasdaack that the 
halogen ion may have a corrosive effect. A catalyst used by 
preference is palladium acetate. Moreover, palladium ccnplexes 
may be used, for instance palladium acetylacetonate, tetrakis- 
triphenylphosphinepalladium, bis-tri-o-tolylphosphinepalladium 
acetate or bis-triphenylphosphin^alladiura sulphate. Palladium 
on charcoal and palladium bonded to an ion exchanger - for 
instance an ion exchanger ocmprising suljiouc acid groups - are 
exairples of suitable heterogeneous catalysts. 

The quantil^ of palladium catalyst is not critical. Pref- 
erence is given to the use of quantities in the range between 
10 and 10 gram aton palladium per nol of olefinicaUy 
unsaturated ooipound, 

^ The subsUtuted or unsubstituted aryl groups R^, and 
R of the phosphine PR^rV preferably contain not itore 
than 18, in particular 6-14, carfjon atons. B:anples of suitable 
R , R and R groups are the naphthyl group and in particular 
the phenyl group. Suitable substituents are halogen atoms and 
aU<yl, aryl, alkoxy, carboxy, carfjaltoxy, acyl, trihalogen- 
methyl, cyano, diaU?j'lamino, sulphonylaUqrl and alkanpyloxy 
groups. 

Examples of suitable phosphines are tri-p-tolylphosphine, 
tri-p-methoxyphenylphosphine, o-dipdienylphosphindbenzoic acid 
and in particular triphenylphosphine. Hie phosphine is used in a 
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quantity of at least 5 irol, preferably 10-150 nol per gram aton 
of palladiimi. If the pedladivim catalyst already contains phosphine,., 
this should be taJcen into account when calculating the anount of 
fdiosphine to be \ised. 
5 In the process according to the invention the carbon 

inonaxide nay be used pure or diluted with an inert gas, such as 
nitrogen, noble gases or carbon dioxide. Generally the presence 
of more than 10%v of l^drogen is undesirable, since under the 
reaction conditions it may cause hydrogenation of the olef inic 

10 conpound. Generally preference is given to the lose of carbon 
monoxide or a carbon monoxide-contaijiiiig gas \diich contains 
less than 5%v of hydrogen. 

The carbonylation according to the invention is preferably 
carried out at a terrperature in the range between 50 and 200 ^C, 

15 in particular between 75 and 150*^0. The overall pressure pref- 
erably lies between 1 and 100, in particular 20 and 75, bar 
gauge. 

The molar ratio of the olef inically unsaturated ccnpound to 
water, alcohol or carboxylic acid is not critical. The molar 

20 ratio between hydrQ)Qr groups and olef inic double bonds may lie 

for instance between 0.1;1 and 10:1. When using a itOTo-olefin and 
either water, a roDnbhydric alcohol or a monobasic acid, pref- 
erence is usually given to the use of an excess of the hydroxy 
ccnpound mentioned. However, vAen using a poljdTydric alcohol or 

25 ^ poli*asic acid to prepare a polyester or a polyanhydriae, it 

will generally be necessary to use an excess of olef inic ccnpound. 

The process according to the invention may be carried out 
batchwise, continuously or semi-continuously. Generally there is 
no need for the use of a solvent since usually there will be an 

30 excess of one of the reactants - for instance the alcohol - 
which may serve as a solvent as well. If required, however, a 
solvent may be used, for instance dimethyl sulphoxide, diiso- 
prcpyl sulphone, sulfolane, acetone, chloroform, n^thyl isc^utyl 
ketone, diglym (dimethyl ether of diethylene glycol) or diiso- 



BADOfilQINAL 



0106379 

- 10 - 

propyl ether. The primary reaction product of the carborylation 
reaction may also be used as a solvent, 
EXAMPLE 1 

A 250-101 magnetically stirred Hastelloy C autoclave 
5 ("Hastelloy" is a trade mark) was charged with 50 ml methanol , 
0.1 mmol (CH2CXX))2Pd and the quantities given in Table A of 
triphenylphosphine and p-toluenesulphonic acid or trif luoro- 
methanesTolphonic acid. The autoclave was flushed with carbon 
monoxide, filled with ethane at a pressurB of 20 bar and ca2±>on 
10 monoxide at a pressure of 30 bar, sealed and heated to a tenper- 
ature of ISS'^C. After the reaction time mentioned in Table A the 
contents of the a\Jtocla\'e were analysed by gas-liquid chro- 
matograplq^. 

Experiments 1 and 2 of Table A are occnparative exanples. 

15 Experiment 1 shews that despite the presence of a large excess 
of triphenylphosphine (30 itpl per gram atom Pd) , the rate at 
which methyl propionate is formed is relatively low in the 
absence of an acid. As shown in Escperinent 2, this rate is 
equally low when in the presence of a sulphonic acid less than 5 

20 TOl of triphenylphosphine is xised per gram atom of Pd. Experi- 
ments 3-8 show that according to the invention the presence both 
of a sulphonic acid and of a relatively large excess of phosphine 
leads to a massive increase of the reaction rate. 

In Experiments A, S, 6 and 7 the overall pressure at the 

25 end of the reaction was below 10 bar, which shows that very high 
conversions are detained at exceptionally low pressures. 

Experiment 5 was repeated using 0.1 imol acetylacetonato- 
dicarbonylrhodium instead of 0.1 imol (CH^COOjPd and a 
tenperature of 150 ®C Instead of 135*0. !Ihe yield of methyl 

30 propionate after a reaction time of 5 hours was 3.5 g. Thus, the 
reaction rate was only 68 g ester per g RH per hour. This 
cotparative exanple shcxv's that in the process according to the 
invention the presence of a palladium catalyst is of ijtportance. 
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In the way described in Exairple 1 a nxirrber of experiirents 
were carried out in v?hich, instead of ethene, prc^^ene was used 
at a pressure of 8 bar. Moreover, in some of these experiments 
the triphenylphosphine was replaced by tri-n-butylphosphine, 
ethyldiphenylphosphine, diethylphenylphosphine or tri- (p-insthaxy- 
phenyl) phosphine. In addition, experiments were carried out 
\ising UClr phosphoric acid, acetic acid, triflvioroacetic acid or 
benzenephosphonic acid instead of p-toluenesulphcnic acid or 
trifluoranethanesulphonic acid. Uie results are tabulated in 
Table B. 
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Table B shews that the presence of three aryl groups in the 
phosphine is needed to attain a narked increased of the reacUon 
rate. It further shews that the prcnoter activity of hydrochloric 
acid, phosphoric acid, acetic acid, trifluoroacetic acid and 
phaiylphosEdaanic acid is naidi snoller than that of the acids 
used according to the invention. Ccnparison of Exanples 3 and 8 
shows that it is unlikely that the presence of water is re- 
sponsible for the Icwer pronoter activity of HCl. In Experinents 
2-7 the propene conversion was virtually 100%. 
EX?a^PLE 3 

■The ejqperijient of Exanple 1 was r^)eated using 8 g dodeoene-1 
instead of ethene. In addition to 0.1 mtol {ca^ax))^d were 
present 3 nnol triphenylphosphine and 2 nnol p-toluenesulphonic 
acid. After a reaction time of 30 minutes 90% of the olefin had 
been converted. Bxe ester yield was 9.6 g; the uiibranched ester 
ocntant was 78%w. The reaction rate was 1900 g/g Pd/hour. 

EXT^MPLB 4 

The experiment of Example 3 was reseated using 10 g styrene 
instead of 8 g dodecene. After a reaction time of 5 hours the 
styrene conversion was virtually 100%. The yield of methylester 
of 2-phenylprqpionic acid was 2.7 g and of nethylester of 
S-pher^lpropionic acid 12.4 g. 

EXAMPLE 5 

The experiment of Exanple 1 was repeated using 20 ml water 
instead of 50 ml methanol. The solvent present was 30 inl diglym 
(dimethyl ether of diethylene glycol) . The reaction mixture 
further contained 0.1 mmol (CH3COO)2pd, 3 imol trijteiyl- 
phosfiiine and 2 mtol p-toluenesulphonic acid. After a reaction 
time of 3 hours the yield of propionic acid was 13.1 g. 
EXftMRLE 6 

The experiment of Exanple 1 was r^)eated using 50 ml acetic 
acid instead of 50 ml methanol. After a reaction time of 1 hour 
the yield of acetic anhydride was 8.4 g and of prcpionic acid 
6.1 g. First the mixed anhydrides of acetic acid and propionic 
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acid are formed, vhicii xeact with the excess acetic acid present 
to form acetic anhydride and propionic acid. 
EXAMPLE 7 

A 250-ml magnetically stirred Hastellqy C autoclave 
5 (•'Hastelloy" is a trade mark) was charged with 50 ml methanol, 
0.1 mmol [CE^COO) ^d, 3 irrool triphenyljiiosphine and 1.5 irmol 
HBF^ (as a 60%w aqueous solution) . The autoclave was flushed 
with carbon monoxide, filled with prcpene at a pressure of 8 bar 
and carbon monoxide at a pressure of 30 bar, sealed and heated 

10 to a tertperature of 120^C. After a reaction time of 2 hours the 
contents of the autoclave were analysed by gas-liquid chrcnato- 
graphy- The aggregate yield of methyl butyrate and methyl 
iscbutyrate amounted to 17 g with an unbranched ester content of 
73%. The reaction rate was 850 g ester/g Pd/hour. 

15 EXM^PLE 8 

The experiment of Exanple 7 wais repeated using 15 ml 
methanol instead of 50 ml methanol, 4 mcol p-toluenesulphonic 
acid instead of 1.5 xmol HBF^ and 3 nnol o-^phenyl^^sphino- 
benzoic acid instead of trip*ierrflj*iosEiiine. As solvent, 35 ml of 

20 chloroform were present. After 5 hours at 135 °C the aggregate 
yield of methyl butyrate and methyl iscbutyrate amounted to 
13.5 g with an unbranched ester content of 83%. The reaction 
rate was 270 g ester/g Pd/hour. 
EXAMPLE 9 

25 A 250-ml magnetically stirred Hastelloy C autoclave 

("Hastelloy" is a trade mark) was charged with 20 ml octene-1, 
10 g phenol, 30 ml sulfolane and 0.1 irinol (CR^COO) ^d, 20 
mmol triphenylphosphine and 4 imol p-toluenesulphonic acid. The 
autoclave was flushed with carbon monoxide, filled with carbon 

30 monoxide at a pressure of 50 bar, sealed and heated to a 

tenperature of 135**C. After a reaction time of 5 hours the 
contents of the autoclave were analysed by gas-liquid diromato- 
grapty. The total yield of phenylesters was 17.2 g with an 
imbranched ester content of 82%. The reaction rate was 320 g 

35 . ester/g Pd/hour. 
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EXftMPLE 10 

In the way described in Exanple 1 an experinent was carried 
cut with HjSiFg. 'The autoclave was charged with 50 nd 
nethanol, 0.1 imol (CH300O)2Pd, 3 itnol triphenylphosphine 
and 1 rnnol HgSiFg being used in a 34%w aqueous solution. The 
autoclave was flushed with carbon nonoxide, filled with propene 
at a pressure of 8 bar and carbon itoncedde at a pressure of 30 
bar, sealed and heated at a tettperaturc of 120«C for 2 hours. 
8.5 g of butyric esters were obtained, with an unbranched ester 
content of 70%. The reaction rate was 425 g ester /g Pd/hour. 
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C L A IMS 



1. A process for the carbonylatian of an olefinically imsaturated 

conpound with carbon icioncKide in the presence of vater, an 

alcdiol and/or a carboxylic acid, a palladium catalyst, at least 

5 nol of a phosphine PR^^"' ia which R^, R^ and R^ each represent 

5 an optionally siabstituted aryl grcxp, per gram atom of palladivim, 

and an acid as a prcnx>ter, characterized in that an acid vdth a 

pK^ < 2 (at 18**C in aqueous solution) , except hydrchalogenic 
a 

and ca2±)0xylic acids, is used. 

2* A process as clained in claim 1, characterized in that an 
10 acid with a non-co-ordinating anion is xised cis pronoter. 

3. A process as claiired in claim 1 or 2, characterized in that 
a sulphonic acid or an acid that can be formed by interaction of 
a Lewis acid with a Broensted acid is used as promoter. 

4. A process as claimed in claim 1 or 2, characterized in that 
15 an acid having the general formula 



4 ^ ^ 
R' "^X- OH 



vtoerem X represents sulphur or chlorine and, if X is chlorine, 

4 4 
R represents oxygen and if X is sulphvir, R represents an 

CB group or an cptionally substituted tydrocarbon group, is used 

as pxcnoter. 

20 5. A process as claimed in claim 4, characterized in that the 
optionally substituted hydrocarbon grocp represented by R* is 
an ciUcyl, aryl, araUqrl or alkaryl group having 1-30 carbon 
atcms. 

6. A process as claiined in claim 4 or 5, characterized in that 
25 the acid is p-toluenesulphonic acid or trif luoranethanesulphonic 
acid. 
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7. A process as claimed in claims 1-6, characterized in that 
the acid is present in a quantity of 0.01-150, in peffUcular 
1-50, equivalents per gram atoti of palladium. 

8. A process as claimed in claims 1-7, characterized in that 
the olef inically unsaturated ccrpound is an unsubstituted or 
substituted alkene or cycloalkene having 2-30 carbon atons and 
1-3 double bonds. 

9. A process as claimed in claims 1-8, characterized in that 
the alGchol or the carbcacylic acid has not irore than 20 cai±>Gn 
atons. 

10. A process as claimed in claims 1-9, characterized in that 
the aryl groups represented by the grocps R^, and R^ 

have 6-14 carbon atoms . 

11. A process as claimed in claims 1-10, characterized in that 
the aryl groups represented by R^', R^ and R^ are itfjenyl 
grovps. 

12. A process as claimed in claims 1-11, characterized in that 
10-150 nol phosphine is used per gram atom palladium. 

13. A process as claimed in claims 1-12, characterized in that 
the carbonylation is carried out at a tenperature in the range 
between 50 and 200'»C. 

14. A process as claimed in claims 1-13, characterized in that 
the cariDonylation is carried out at an overall pressure in the 
range between 1 and 100, in particular between 20 and 75, bar 
gauge. 
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